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(57) ABSTRACT 

A method and apparatus for driving a plasma display panel 
that is capable of expressing a gray level linearly. In the 
method and apparatus, the duty ratio of sustaining pulses 
apphed in a sustaining interval in each sub-field is set 
differently. The sub-fields are combined in a certain arrange- 
ment sequence. 
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DRIVING METHOD AND APPARATUS FOR 
PLASMA DISPLAY PANEL 

BACKGROUND OF THE INVENTION 

1. Field of the Inventioa 

This invention relates to driving method and apparatus for 
a plasma display panel, and more particularly to driving 
method and apparatus for a plasma display panel wherein a 
gray scale leves arc linearized. 

2. Description of the Related Art 

Generally, a plasma display panel(PDP) radiates a Phos- 
phor by an ultraviolet with a wavelength of 147 nm gener- 
ated during a discharge of He+Xe or Ne+Xe gas to thereby 
display a picture including characters and graphics. Such a 
PDF is easy to t>e made into a thin-film and large-dimension 
type. Moreover, the PDP provides a very improved picture 
quality owing to a recent technical development. The PDP is 
largely classified into a direct current(DC) driving system 
and an alternating current(AC) driving system. 

The PDP of AC driving system is expected to be high- 
lighted into a future display device because it has advantages 
in the low voltage drive and a prolonged life in comparison 
to the PDP of DC driving system. Also, the PDP of alter- 
nating current driving system allows an alternating voltage 
signal to be applied between electrodes having dielectric 
layer therebetween to generate a discharge every half-period 
of the signal, thereby displaying a picture. The AC-type PDP 
makes a memory effect because it uses a dielectric material 
into the surface of which a wall charge is accumulated 
during the discharge. 

Referring to FIG. 1, the AC-type PDP includes a front 
substrate 1 provided with a sustaining electrode pair 10, and 
a rear substrate 2 provided with address electrodes 4. The 
front substrate 1 and the rear substrate 2 are spaced, in 
parallel to each other, with having a barrier rib 3 therebe- 
tween. A mixture gas such as Ne-Xe or He-Xe, etc. is 
injected into a discharge space defined by the front substrate 
1 and the rear substrate 2 and the barrier rib 3. Any one of 
the sustaining electrode pair 10 is used as a scanning/ 
sustaining electrode that responds to a scanning pulse to 
cause an opposite discharge along with the address elec- 
trodes 4 and responds to a sustaining puke to cause a surface 
discharge along with the opposite sustaining electrode 10. 
Also, the sustaining electrode 10 opposed to the sustaining 
electrode 10 used as the scanning/sustaining electrode are 
used as a common sustaining electrode to which a sustaining 
pulse is applied commonly. On the front substrate 1 provided 
with the sustaining electrode pair 10, a dielectric layer 8 and 
a protective layer 9 are disposed. The dielectric layer 8 is 
responsible for hmiting a plasma discharge current as well 
as accumulating a wall charge during the discharge. The 
protective film 9 prevents a damage of the dielectric layer 8 
caused by a sputtering generated during the plasma dis- 
charge and improves an emission cflBciency of secondary 
electrons. This protective film 9 is usually made from MgO. 
Barrier ribs 3 for dividing the discharge space is extended 
perpendicularly at the rear substrate 2. On the surfaces of the 
rear substrate 2 and the barrier ribs 3 is provided a phosphor 
layer 5 which is excited by a vacuum ultraviolet lay to 
generate a visible light. 

In such a PDP, one frame consists of a plurality of 
sub-fields and a gray level is expressed by a combination of 
the sub-fields. For instance, if it is intended to display a 
picture by 256 gray levels, then one frame interval (i.e., 
16.67 ms) is time-divided into 8 sub-fields as shown in FIG. 
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2. Each of these 8 sub-fields is again divided into a reset 
interval, an address interval and a sustaining interval. In the 
reset interval, the fiiU screen is initialized. In the address 
interval, discharge cells on which a data is to be displayed 

5 are selected by the address discharge. The selected discharge 
cells sustain the discharge in the sustaining interval. Herein, 
the reset interval and the address interval of each sub-field 
are same every sub-field, whereas the sustaining interval of 
each sub-field is assigned to be increased at a ratio of 

10 2n(n=0, 1, 2, 3, 4, 5, 6, 7) at each sub- field in accordance 
with a relative brightness ratio. Since the sustaining interval 
becomes different at each sub-field as mentioned above, the 
sustaining interval of each sub-field, that is, a sustaining 
discharge frequency is controlled to express a gray level of 

15 picture. 

Referring to FIG. 3, in the reset interval, a screen is 
initialized by a reset pulse applied between an address 
electrode(X) and a common sustaining electrode(Z). In the 
address interval, a data is supplied to the address electrode 

20 (X) and a scanning pulse synchronized with the data is 
sequentially applied to the scanning/sustaining eIectrode(Y). 
In the sustaining interval, a sustaining pulse having the same 
duty ratio of 1 is applied to the scaiming/sustaining electrode 
(Y) and the common sustaining electrode(Z) as shown in 

25 FIG. 4. 

In such a PDP driving method, a brightness difference is 
generated between sub-fields depending upon which sub- 
field is positioned between sub-fields. Specifically, gray 
level values 127 and 128 are a single gray level, but the gray 
level value 127 is a sum of the first to seventh sub-fields SFl 
to SF7 at which a sustaining discharge is generated. On the 
other hand, the gray level value 128 generates the discharge 
only at the eighth sub-field(SF8). Accordingly, a brightness 
or gray level difference is generated at each sub-field to 
express a gray level value non-linearly. When a brightness 
difference between sub-fields is generated, a moving picture 
pseudo contour noise occurs. For instance, if the screen has 
been moved into the left side of the screen after the left half 
of the screen was displayed by a gray level value 128 and the 
right half of the screen was displayed by a gray level 127, 
then a white strip appears at the boundary portion between 
the gray level values 128 and 127. To the contrary, if the 
screen has been moved into the right side of the screen after 
the left half of the screen was displayed by a gray level value 
128 and the right half of the screen was displayed by a gray 
level value 127, then a black stripe appears at the boundary 
portion between the gray level values 127 and 128. 

In order to remove the pseudo contour noise, there have 
been one scheme of rearranging a sequence of sub-fields 
with the sustaining pulse having constant duty ratio and 
frequency and other scheme of dividing one sub-field to add 
one or two sub-fields to it. The pseudo contour noise may be 
reduced by the error diffusion method. However, such 
methods have drawbacks in that their implementation is very 
complicated and the brightness and gray level difference 
between sub-fields is still serious. 

SUMMARY OF THE INVENTION 

60 Accordingly, it is an object of the present invention to 
provide driving method and apparatus for a plasma display 
panel that is capable of performing a gray scale levels 
linearly. 

In order to achieve these and other objects of the 
65 invention, a PDP driving method according to one aspect of 
the present invention includes the steps of differently setting 
duty ratios of sustaining pulses applied in a sustaining 
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interval in each sub-field; and combining the sub -fields in a 
certain arrangement sequence. 

A PDP driving method according to another aspect of the 
present invention includes the steps of differently setting 
frequencies of sustaining pulses applied in a sustaining 
interval in each sub-field; and combining the sub-fields in a 
certain arrangement sequence. 

A PDP driving apparatus according to still another aspect 
of the present invention includes duty ratio controlling 
means for determining a duty ratio for each sub-field; and 
duty ratio compensating means for adjusting a duty ratio of 
a sustaining pulse for each sub-field under control of the 
duty ratio controlling means. 

A PDP driving apparatus according to still another aspect 
of the present invention includes frequency controlling 
means for determining a frequency for each sub-field; and 
frequency compensating means for adjusting a fi-equency of 
a sustaining pulse for each sub-field under control of the 
frequency controlling means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the invention will be apparent 
from the following detailed description of the embodiments 
of the present invention with reference to the accompanying 
drawings, in which: 

FIG. 1 is a perspective view showing the structure of a 
conventional AC-type plasma display panel; 

FIG. 2 schematically illustrates a single firame configu- 
ration in the conventional sub-field driving system; 

FIG. 3 is waveform diagrams of driving signals applied to 
one sub-field in FIG. 2; 

FIG. 4 represents the duty ratio of sustaining pulses 
applied to each sub-field in FIG. 2; 

FIG. 5 is a graph for representing a non-linear gray level 
characteristic generated by the conventional PDP driving 
method; 

FIG, 6 represents the duty ratio of sustaining pulses 
applied to each sub-field in a PDP driving method according 
to an embodiment of the present invention; 

FIG. 7 is waveform diagrams of sustaining pulses in each 
sub-field in FIG. 6; 

FIG. 8 is a graph for representing a non-linear gray level 
characteristic generated by a PDP driving method according 
to an embodiment of the present invention; and 

FIG, 9 is a schematic block diagram showing the con- 
figuration of a PDP driving apparatus according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 6, in a PDP driving method according 
to the present invention, the duty ratios of sustaining pulses 
in each sub-field SFl to SF8 are set to different values such 
that gray scale levels can be displayed. When 256 gray levels 
are expressed, one frame at a time interval of 16.67 ms is 
time-divided into 8 sub-fields SFl to SF8. Each sub-field 
SFl to SF8 is divided into a reset interval, an address 
interval and a sustaining interval. The reset interval and the 
address interval are carried out in the same manner as the 
prior art. The sustaining interval in each sub-field SFl to SF8 
is assigned to be increased at a ratio of 2n(n«0, 1, 2, 3, 4, 5, 
6, 7) in each sub-field in accordance with a relative bright- 
ness ratio. Id such a sustaining interval, sustaining pulses 
having a different duty ratio are applied to the scanning/ 
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sustaining electrode(Y) and the common sustaining 
electrode(Z) every sub-field. In this case, the duty ratio of 
sustaining pulses is experimentally determined such that a 
brightness difference between sub-fields does not exist irre- 

5 spectively of an arrangement sequence of the sub-fields SFl 
to SF8 in a single frame. In other words, after the brightness 
in each sub-field SFl to SF8 was detected, the duty ratio is 
determined such that a brightness difference does not exist. 
For instance, as shown in FIG. 6 and FIG. 7, it is determined 

^0 that the duly ratio of the sustaining pulse applied in the 
sustaining interval in the first sub-field SFl is 0.90, the duty 
ratio of the sustaining pulse applied in the sustaining interval 
in the second sub-field SF2 is 0.95, and the duty ratio of the 
sustaining pulse applied in the sustaining interval in the third 

J 5 sub-field SF3 is 1. Furthermore, it is determined that the duty 
ratio of the sustaining pulse applied in the sustaining interval 
in the fourth sub-field SF4 is 1.03, the duty ratio of the 
sustaining pulse applied in the sustaining interval in the fifth 
sub-field SF5 is 0.98, . . . , and the duty ratio of the sustaining 

20 pulse applied in the sustaining interval in the eighth sub-field 
SF8 is 0,95. Since a wall charge amount formed every 
sustaining interval is controlled to have a different value 
when the duty ratios of sustaining pulses have been different 
for each sub-field SFl to SF8, a discharge correction amount 

25 also becomes different for each sub-field SFl to SF8. As a 
result, as seen from FIG. 8, the gray scale levels are linearly 
increased from level 1 to level 256 without any discontinu- 
ation between sub-fields. 
When the gray level values 127 and 128 are expressed, a 

3Q discontinuous change of brightness occurs due to a dis- 
charge frequency difference of the values 127 and 128 as 
shown in FIG. 4 in the prior art. On the other hand, in the 
present invention, the duty ratio of the sustaining pulse 
applied to display gray level 127 which is consist of fi-om the 

35 first sub-field SFl through the seventh sub-field SF7 
becomes much smaller compared to prior art, and the duty 
ratio of the sustaining pulse applied to the eighth sub-field 
SF8 for expressing the gray level value 128 is slightly 
lowered into 0.95. Accordingly, when the gray level value 

40 127 and 128 are expressed, the discharge frequency is 
different, but a discharge correction amount becomes dif- 
ferent in expressing the gray levels of 127 and 128, so that 
the brightness difference can be minimized. 
The brightness and gray level difference between sub- 

45 fields is corrected by adjusting the duty ratio in the above- 
mentioned embodiment, but it may be corrected by adjusting 
a frequency of the sustaining pulse. In this case, a frequen- 
cies of the sustaining pulse applied to each sub-fields, from 
SFl to SF8, are experimentally determined such that the 

50 change brightness of from the sub-field 1 to 8 can be 
linearized irrespectively of an arrangement sequence of the 
sub-fields like the determination method of duty ratio as 
mentioned above. 

Referring now to FIG. 9, there is shown a PDP driving 

55 apparatus according to an embodiment of the present inven- 
tion. The PDP driving apparatus includes a controller 32 for 
receiving vertical and horizontal synchronizing signals H 
and V, a field detector 34 connected to the controller 32 to 
detect sub-fields, a variable frequency part 36 and a variable 

60 duty ratio part 38 connected, in parallel, to the controller 32 
to vary a frequency and a duty ratio in accordance with the 
sub -fields, a compensator 42 for controlling a scanning/ 
sustaining driver 44 in accordance with a control signal 
applied from the variable freq u ency part 36 and the variable 

65 duty ratio 38, and a memory 40 connected commonly to the 
variable frequency part 36 and the variable duty ratio part 38 
to store a frequency information and a duty ratio information 
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for each sub-field. The coatroller 32 applies the horizontal 
and vertical synchronizing signals H and V to the field 
detector 34 and the compensator 42 commonly. The field 
detector 34 counts the vertical synchronizing signal V by a 
desired clock from an initiation time of the vertical synchro- 
nizing signal V to detect the current sub-field. The variable 
frequency part 36 rea ds a frequ ency of the sustaining pulse 
corresponding to the current gig^fiil'd'in accordance with a 
sul>ficld"dctec tion in foTinatio n frona the field detector 34. 
iTie variable duty ratio part 38 reads a duty ratio of the 
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sustaining pulse corresponding to the ciurent sub-field in 
aC^oTdance with the*sub-field detection information from the 
field detector 34. To this end, the frequency an d-duLv-ratio 
of ^he sustain ing pulse determined experi mentally for ea ch 
s ub-field is stored intoXlool c^uj)jtaJ^ejm.ttai^^ 40. The is 
compensator 42 controls the duty ratio and the frequency of 
the sustaining pulse generated from the scanning/sustaining 
driver 44 in accordance with a duty ratio information and a 
frequency information from the variable duty ratio part 38 
and the variable fregueBGy^ail.3(LJZhe scanning/sustaining 20 
driver 44 generateSs.gus Uining_ piUscs J:ta\dng-a-diflEerent. 
I frequency and Aty jalio f oTcaSrstl^fieldjua der^cantrol of 
th e compensator 42 . The sustaining pulses having a different 
frequency and duty ratio for each sub-field are applied to the 
scanning/sustaining electrodes in the PDF 46. 
^ When any one of the duty ratio and the frequency is 
corrected differently for each sub-field, any one of the 
variable frequency part 36 and the variable duty ratio part 38 
can be eliminated. 

As described above, according to the present invention, 
the duty ratio and/or the frequency in each sub-field is 
controlled to thereby maintain constant brightness ratio 
between sub-fields. Accordingly, a gray level can be linearly 
expressed. Furthermore, the PDF driving method and appa- 
ratus can stabilize a discharge characteristic in the discharge 
cells in the sustaining interval, thereby preventing a mis- 
discharge or a malfunction as well as removing a moving 
picture pseudo contour noise. 

Although the present invention has been explained by the 
embodiments shown in the drawings described above, it ^ 
should be understood to the ordinary skilled person in the art 
that the invention is not limited to the embodiments, but 
rather that various changes or modifications thereof are 
possible without departing from the spirit of the invention. 
Accordingly, the scope of the invention shall be determined 
only by the appended claims and their equivalents. 

What is claimed is; 

1. A method of driving a plasma display panel with one 
frame divided into a pluraUty of sub-fields in accordance 
with a relative brightness ratio, comprising: 

setting different duty ratios of sustaining pulses applied in 
a sustaining interval in each sub- field; and 

combining the sub-fields in a certain arrangement 
sequence. 

2. The method as claimed in claim 1, wherein said duty 
ratios are experimentally determined to correct correspond- 
ing brightness of the sub-fields after measuring the bright- 
ness in each sub-field, wherein said each sub-field uses a 
separate one of said different duty ratios. 

3. A method of driving a plasma display panel with one 
frame divided into a plurality of sub-fields in accordance 
with a relative brightness ratio, comprising: 

setting different frequencies of sustaining pulses applied 
in a sustaining interval in each sub-field; and 

combining the sub-fields in a certain arrangement 
sequence. 
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4. The method as claimed in claim 3, wherein said 
frequencies of the sustaining pulses are experimentally 
determined to correct corresponding brightness of the sub- 
fields after measuring the brightness in each sub-field, 
wherein said each sub-field uses a separate one of said 
different duty ratios. 

5. An apparatus for driving a plasma display panel with 
one frame divided into a plurality of sub-fields in accordance 
with a relative brightness ratio, comprising: 

a duty ratio controlling device for determining a duty ratio 
for each sub-field in the frame; and 

a duty ratio compensating device for adjusting the duty 
ratio of a sustaining pulse for said each sub-field 
controlled by the duty ratio controlling device. 

6. The apparatus as claimed in claim 5, wherein said duty 
ratio controlling device comprises: 

a sub-field detector for detecting information of the sub- 
fields; 

a memory for storing the duty ratio information set for 
each sub-field; and 

a variable duly ratio part for reading the duty ratio 
information in accordance with a sub-field information 
delected by the duty ratio controlling device. 

7. The apparatus as claimed in claim 6, wherein said duty 
ratio compensating device comprises: 

a scanning/sustaining driver for applying sustaining 
pulses to scanning/sustaining electrodes in the plasma 
display panel; and 

a compensator for adjusting the duty ratios of the sus- 
taining pulses in accordance with the duty ratio infor- 
mation supplied from the variable duty ratio part, 
wherein the duty ratio controlling device determines a 
different duty ratio for at least two sub-fields in the 
frame. 

8. An apparams for driving a plasma display panel with 
one from divided into a plurality of sub-fields in accordance 
with a relative brightness ratio, comprising: 

a frequency controlling device for determining a different 
frequency for at least two sub-fields of the frame; and 

a frequency compensating device for adjusting a fre- 
quency of a sustaining pulse for each sub-field con- 
trolled by the frequency controlling device. 

9. The apparatus as claimed in claim 8, wherein said 
frequency controlling device comprises: 

a sub -fie Id detector for detecting a frequency information 
of the sub-fields; 

a memory for storing the frequency information set for 
each sub -field; and 

a variable frequency part for reading the frequency infor- 
mation in accordance with a sub-field information 
detected by the frequency controlling device. 

10. The apparatus as claimed in claim 9, wherein said 
frequency compensating device comprises: 

a scanning/sustaining driver for applying sustaining 
pulses to scanning/sustaining electrodes in the plasma 
display panel; and 

a compensator for adjusting the frequencies of the sus- 
taining pulses in accordance with a duty ratio informa- 
tion supplied from the variable frequency part. 

11. A method for driving a display, comprising: 
dividing a frame into a plurality of sub-fields; 
applying a relative brighmess ratio to the plurality of 

sub -fields; and 
displaying substantially linear grey scale level values 
between at least two of the plurality of sub-fields by 
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using different duty ratios for sustaining pulses of said 
at least two of the sub-fields in the frame. 

12. The method as claimed in claim 11, further compris- 
ing: 

setting different duty ratios of sustaining pulses applied in ^ 

a sustaining interval in each sub-field; and 
combining the sub-fields in a prescribed sequence. 

13. The method as claimed in claim 12, wherein said duty 
ratios are determined based on a measurement of the bright- 
ness applied in said each sub-field. 

14. The method as claimed in claim 13, wherein setting 
said duty ratios further comprises: 

detecting information of the sub-fields by utilizing a 

sub-field detector; 
storing a duty ratio information for said each sub-field; 

and 

reading the duty ratio information in accordance with a 
corresponding detected sub-field information. 

15. The method as claimed in claim 14, wherein setting 20 
said duty ratios further comprises: 

applying sustaining pulses to a plurality of scanning 

electrodes in the display; 
applying sustaining pulses to a plurality of sustaining 

electrodes in the display; and 
adjusting the duty ratios of the sustaining pulses in 

accordance with the read duty ratio information. 



16. The method as claimed in claim 11, further compris- 
ing: 

setting different frequencies of sustaining pulses applied 

in a sustaining interval in each sub-field; and 
combining the sub-fields in a prescribed sequence. 

17. The method as claimed in claim 16, wherein said 
frequencies are determined based on a measurement of the 
brightness applied in said each sub-field. 

18. The method as claimed in claim 17, wherein setting 
said frequencies further comprises: 

detecting infonaiation of the sub-fields by utilizing a 

sub-field detector; 
storing frequency information for said each sub-field; and 
reading the firequency information in accordance with a 

corresponding detected sub-field information. 

19. The method as claimed in claim 18, wherein setting 
said frequency further comprises: 

applying sustaining pulses to a plurality of scanning 

electrodes in the display; 
applying sustaining pulses to a plurality of sustaining 

electrodes in the display; and 
adjusting the frequencies of the sustaining pulses in 

accordance with the read frequency information. 
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